Dedicated to Dr. G¸nther Ohloff on the occasion of his 80th anniversary By means of 1 H-NOESY-and Raman-spectroscopic analyses, we experimentally demonstrated the presence of the equatorial NÀMe conformer of King×s sultam 4b in solution, resulting from a rapid equilibrium. As a consequence, the value of the N lone-pair anomeric stabilization should be revised to 1.5 ± 1.6 kcal/mol. Independently from the N tilting, natural bond orbital (NBO)-comparative analyses suggest that the S d* orbitals do not appear as primordial and stereospecific acceptors for the N lone pair. Second, the fivemembered-ring sultams do not seem to be particularly well-stabilized by the SÀC s* orbital in the N-substituted pseudo-axial conformation, as opposed to an idealized anti-periplanar situation for the six-membered-ring analogues. In this latter case, the other anti-periplanar CÀC s* and C(1')ÀH/C(2') s*orbitals are as important, if not more, when compared to the SÀC s* participation. In the pseudo-equatorial conformation, g-sultams particularly benefit from the N lone-pair hyperconjugation with the anti-periplanar SÀO 1 s* and C(2)ÀH/C or C(1')ÀH/C s* orbitals. This is also the case for d-sultams when the steric requirement of the N-substituent exceeds 1.6 kcal/mol. When both axial and equatorial conformations are sterically too exacting, the N-atom is prone to sp 2 hybridization or/and conformational changes (i.e., 12c). In that case also, the mode of stereoelectronic stabilization differs from g-to d-sultams.
synthesized and compared the X-ray structure [16] as well as the diastereoselectivities, imparted by the six-membered-ring sultam 3a, during the Diels-Alder cycloaddition of its N,N'-bis fumaroyl derivative to cyclopentadiene [16] , with those of its analogous congeners 1, 2, and 4. On their side, King et al. [17] also invoked an anomeric effect, estimated between 2.0 and 2.5 kcal/mol. They based their rationalization on a stereoelectronic stabilization of the N lp with either the anti-periplanar, electronically deficient SÀC s* [18] or the vacant S d orbitals [19] , which favors bisection of the OSO angle by the N lp 4 ). We now wish to report more details to compare these two opposite hypotheses, based on calculations at a higher ab initio level as well as conformational IR/Raman analyses of 4b.
Results. ± Based on X-ray structures as well as 300-MHz 1 H-and 13 C-NMR analyses at temperatures from 258 to À 908, King et al. attributed pure axial conformations to their d-sultams 4a and 4b [17] . He argued that our hypothesis is biased by the steric influence of the Me(8) group at the N-atom, which precludes any conformation directing the N lp in a pseudo-equatorial direction 5 ). We suggested rather that the axial orientations observed in their X-ray analyses could mainly result from either an intermolecular H-bond for 4a (NÀH ¥¥¥¥¥ OS) 6 ) or external forces such as solidÀsolid packing interactions for 4b [20] . We also refuted his argument by giving the example of the N-fluoro sultam 1c, which exists in both pseudo-axial/equatorial conformations, as shown by 19 F-NMR analyses [4] , thus leading us to suggest a more modest anomeric stabilization, estimated as 1.5 kcal/mol [16] . Furthermore, based on DFT calculations with BeckeÀPerdew functionals and DN** polarization basis set [21] , we also suggested that their rigidified six-membered-ring sultam 4b should, in solution, exist as Helvetica Chimica Acta ± Vol. 87 (2004) 1749 a mixture of axial and equatorial NÀMe conformers. Finally, the calculated very low barrier of N-pyramidal inversion should account for the absence of observable distinct conformers on the NMR time scale (see Table 1 ). Although our 13 C-NMR and 1 H-NMR NOESY experiments on 4b were fully consistent with King×s proposal, with respect to upfield g-shifts of all three gauche C(3)-, C(4a)-, and C(8)-atoms as well as Overhauser interactions between the Me substituent and the axial HÀC(8) (see A, in Fig. 1 ), HÀC(4a) (B) and HÀC(3) (D), we also later noticed interactions with the equatorial HÀC(8) (C) and axial HÀC(8a) (E), indicating a rapid equilibrium with the equatorial conformer. This hypothesis is further sustained by new ab initio calculations (see Table 1 ). Further detailed and sophisticated 1 H-and 13 C-NMR analyses at 400, 500, and 600 MHz, by varying the temperature from 328 to À 508, confirmed our initial attributions 7 ), but failed to uncover any new signals or dynamic processes 8 ). These negative results, nevertheless, do not validate King×s hypothesis, since rapid Npyramidal inversion necessitates alternative techniques such as ultrasonic relaxation measurement [22] . We, thus, turned our attention towards IR/Raman analysis and compared the experimental data collected for the pure crystalline axial conformer, either in solution or in the vapor phase, with both the vibrational frequencies of theoretical IR and Raman spectra of both axial and equatorial conformers derived from the B3LYP/6-31 G** calculations. The calculated harmonic frequencies and their assignment (where possible) for both axial and equatorial conformers are collected in Table 4 (Exper. Part) together with the experimental frequencies measured in the gas phase (IR) and in the crystal (Raman). The corresponding spectra are shown in Fig. 2 (IR) and Fig. 4 (Raman) to facilitate comparisons. A CDCl 3 solution was preferred over CHCl 3 for the IR analysis, due to the absence of solvent absorption at ca. 3021 cm
À1
. For each NÀMe axial and equatorial conformer considered, the calculated and experimental IR spectra of 4b recorded in the gas phase (see Fig. 3 , and Table 4 in Exper. Part) are in good overall agreement. The patterns of the absorption bands are very similar. The positions of individual lines in the experimental and in the theoretical spectrum differ by less than 97 cm À1 for the lower band (below 1600 cm
). The entire theoretical high-frequency band (above 2900 cm
) is blue-shifted by ca. 120 ± 170 cm À1 compared to the experimental spectrum. This band corresponds to various vibrational motions involving CH 2 and CH 3 groups. Harmonic frequencies of such vibrations calculated by DFT methods are known to be systematically overestimated by up to 4% for isolated organic molecules of medium size [23] . For this reason, it is the usual practice to scale the frequencies in order to facilitate comparisons with experiment. In our analyses, the frequencies are not scaled, because the scaling procedure is less justified in the low-frequency range, where the vibrational modes typically involve collective motions of several atoms of both rings. Second, since the shift differences between the data collected in the crystalline state and those obtained from the solution are very small, the presence of the equatorial conformer could statistically not be confirmed on the basis of ipso-and bathochromic shifts 9 ). A certain number of frequencies are noteworthy to discuss since their variations exceed the resolution of our equipment, estimated to be at the best ca.
cm

À1
. Interestingly, the 1320(cryst.)/1336(soln.)/1364(gas) bands principally find their origin in the asymmetric SO 2 stretching 10 ), while the symmetric SO 2 stretching is relatively stable at 1148(cryst.)/1151(soln.)/1153(gas) cm
. Depending on the conditions, the CH 2 absorptions are more shifted at 1088(cryst.)/1095(soln.)/1104(gas) than at 1052(cryst.)/1049(soln.)/1055(gas) cm
. We also compared the respective intensities of the observed IR bands with the calculated values. The theoretical spectra for both conformers considered are very similar. It is, therefore, rather difficult to use them to identify a predominant conformer. Nevertheless, we detected in the IR spectrum a unique feature, which differentiates the theoretical spectra of both conformers. It is the overall shape of the high-frequency band. The two most pronounced experimental bands in this region ( Table 4 in Exper. Part) correspond to the modes involving the CH 2 and CH 3 groups: the experimental strong band at ca.
cm
À1 is attributed to carbocyclic CH 2 stretching, whereas the experimental medium band at ca. 2865 cm À1 is due to CH 2 stretching and asymmetric stretching of CH 3 . This pattern is similar for all three conditions (cryst./soln./gas) and suggests, in contrast to calculations (Table 1), the predominance of the axial conformer.
We, thus, decided to proceed to a dynamic study by varying the temperature and, therefore, turned towards a laser Raman study, which is often complementary to IR analysis. Indeed, since the vibration frequencies are obtained indirectly by irradiating the sample with monochromatic visible light, and since the intensity of a Raman line is given by the rate of change of the molecular polarizability as the atoms pass through equilibrium, Raman spectra can often supply missing data.
With respect to Raman spectra, the experimental spectrum is available only for the low-frequency range. As for the IR, a good overall agreement between the theoretical spectra of either conformers and the experimental data can be seen (cf. Fig. 5 ). The deviations between the position of theoretical and experimental frequencies do not exceed 32 cm
À1
. The uniform shift of ca. 3 cm À1 between both Raman experiments at 258 suggests an experimental reference displacement in the same order of magnitude as the resolution of our apparatus and, unfortunately, does not allow us to discuss shift modifications. As the NÀMe bending at 336(cryst.)/337(soln.) cm À1 falls right at the foot of the solvent absorption, we focused our attention at a pair of skeletal vibrations involving the SO 2 moiety at 495(cryst.)/501(soln.) and 528(cryst.)/531(soln.) cm À1 , since their calculated values suggest a change in their respective intensities (indicated Helvetica Chimica Acta ± Vol. 87 (2004) 1754 9 ) Indeed, only ten on twenty ipsochromic and two on six bathochromic shifts (underlined and italics values in the Exper. Part, resp.) are observed as compared to the calculated displacements resulting from the hypothetical presence of the equatorial conformer 4b in solution. 10 ) Although the frequencies are determined primarily by the forces within the molecule, they are also affected by intermolecular forces. Minor differences are, therefore, to be expected between the spectra of the same substance in the gaseous, liquid, and solid states. The shift of the asymmetric SO 2 stretching of ca. 10 to 20 cm À1 on going from the solid to solution has already been reported [24] . Differentiated IR analyses of optically pure vs. racemic substrates forming conglomerates are also well-known [25] .
by an asterisk in Fig. 4) . Indeed, the pure crystalline, axial conformer exhibits a medium signal at 495 cm À1 and a stronger one at 528 cm
. Decreasing the temperature from 508 (D in Fig. 4 ) to 258 (C) and À 308 (B) resulted in a modification of both respective signal intensities, consistent with the decrease in population of the equatorial conformer of 4b in solution. Indeed, this latter is expected to be responsible for a smaller intensity of the 501-cm À1 band with respect to that at 531-cm
. Computer analysis of all three curves confirmed the visual intensity change but, due to the strong fluorescence, resulting in a relatively moderate signal-to-noise ratio, allied to the fact that both bands are not representative of pure conformers but composed of superimposed signals [26] , did not allow us to precisely calculate the difference in conformational energy. We can only conclude that this difference is very small, in agreement with tendencies found in the results of various ab initio and DFT-type calculations (see Table 1 ) 11 ). Furthermore, this tiny difference of NÀMe axial/ equatorial conformational energies found for 4b may well be below the standard error of ab initio calculations for unusual sulfonamide functionalities, thus rendering perilous any assignment of the major conformer based on these energy differences derived from theoretical calculations. The pattern of the intensities of these two bands either at low temperature or in the crystalline state resembles more the calculated spectrum for the axial conformer. The other feature distinguishing the two conformers is the pattern of intensities in the low-frequency Raman spectrum. The intensity pattern for the two conformers differs significantly in the 300 ± 370-cm À1 range. The 336-cm À1 band is attributed to the CH 2 vibrations in the carbocycle for both conformers, and to CH 3 and SO 2 vibrations for the axial conformer only. The 353-cm À1 band is attributed to CH 2 , CH 3 , and SO 2 vibrations for the axial conformer, and to CH 3 and SO 2 for the equatorial conformer. The 368-cm À1 band is attributed to CH 2 and SO 2 vibrations for both conformers, and to CH 3 for the axial conformer (see Table 4 in Exper. Part). The pattern of intensities for the axial conformer (Fig. 5, a) closely resembles the experimental one (Fig. 5, b) recorded from crystalline sultam 4b. Since these three vibrational modes involve atoms differing in geometry in the axial and equatorial conformers, we consider the detected difference in the intensity pattern to be a strong indication for the predominance of the axial conformer, as shown by X-ray analysis [17] .
Discussion. ± Having experimentally established the presence of the equatorial conformer 4b in solution 12 ), hence the pertinence of our calculations, suggesting both a small difference of conformational and interconversional energies, we then turned our attention to the second part of our hypothesis, namely the origin of the N lp stabilization.
The NBO analyses ( Table 2) were performed on the comparative examples that we initially discussed [16] . These ab initio calculations confirmed a more stable pseudoequatorial conformation for the crystalline, free sultams 1a and 1b [16] , in which the stereoelectronic stabilization mainly originates in both anti-periplanar SÀO(1), and C(2)ÀH or C(2)ÀMe s* orbitals. For their minor pseudo-axial conformers, their N lp is partially stabilized by the anti-periplanar C(2)ÀC(1), and, to a smaller extent, by the SÀC and SÀO(1) s* orbitals. The stabilization brought by the S d* orbitals is moderate and practically of a similar order of magnitude, independent of the conformation adopted by 1a and 1b. Although reduced by the electronegativity of the halogen, the Nfluoro analogues 1c and 1d show the same stereoelectronic features. Noteworthy are the conformational energies of both thermodynamically more stable pseudo-equatorial N-fluoro sultams, in line with the values expected from their respective 19 F-NMR [4] [3] or X-ray 13 ) analyses. Due to the absence of a pseudo-equatorial SO functionality, the case of sulfinamide 2a is peculiar. Indeed, the strong SÀO(1) and C(2)ÀH s* contributions are determinant in both conformations, the SÀC influence being modest in comparison with either the C(2)ÀC(1) s* or even the S d* orbitals. The latter is a more efficient acceptor for the N lp in the pseudo-equatorial conformers of the gsultams 1a ± 1d and sulfinamide 2a. Finally, the case of the N-Me sultam 1e follows the same trends, although we were unable to compare it with its pseudo-axial conformer, due to expected severe steric interactions with the Me(8) substituent. The case of the crystalline six-membered-ring, free sultam 3a is also noteworthy. Indeed, although the equatorial NÀH conformer exhibits an excellent stabilization of its N lp by the axial SÀO(1) and C(2)ÀH s* orbitals in comparison with the efficient SÀC and C(2)ÀC(1) s* orbitals of its axial conformer, we clearly see, in this latter case, a nonnegligible contribution of the S d* orbitals. This feature is confirmed by the NBO analysis of the trans-decalenic sultams 4a and 4b. In addition, the axial conformer of the N-Me dsultam 4b is worthy of discussion. Indeed, apart from the increased S d* and SÀO(2) s* contributions, this conformer also profits from both substantial additional C(2) d* as well as C(Me)ÀH s* stabilizations. This latter interaction results from a much better anti-periplanar, staggered disposition as compared to the equatorial conformer, sterically hindered by, amongst others, the SO 2 moiety. We also took into account the N-fluoro analogue 4c, since the conformation of this unreported compound should not 
be influenced by intermolecular H-bonds 14 ) . Calculations indicate that the axial conformer should be the most stable, thus moderating our interest in its possible synthesis and X-ray analysis, as it would not be a determinant proof in favor of King×s hypothesis. In contrast to previous rationalizations, it should be underlined that, in all these series, the factors for S d* and SÀC s* contributions are smaller than the antiperiplanar C(2)ÀC(1) s* stabilization. The same conclusions are reached from the NBO analyses of the known oily, six-membered-ring sultams 5a and 5b To extend both the foundations and scope of our conclusions, we completed this NBO study by a search in the CCDC database (2002). In addition to both equatorial, sterically demanding N-aryl d-sultams 5d and 5e [35] [36], already discussed by King et al. to estimate their value of anomeric stabilization, we exhumed two supplementary instructive and comparative examples of five-and six-membered-ring sultams 16 ).
The first couple is represented by the cis-fused five-and six-membered-ring bicyclic sultams 6 and 7 [46] , which both possess a conformationally anchoring pseudoequatorial, more stable Ph substituent on the cyclohexene part. Interestingly, despite the absence of the geminal dimethyl moiety of the bornyl skeleton 17 ), the g-sultam 6 orients its N-benzyl substituent in a pseudo-equatorial, thermodynamically slightly more stable conformation (0.28 kcal/mol; Table 3 ). In contrast, its d-homologue 7 exhibits a by 1.30 kcal/mol less-stable, axial conformer in the crystalline state. We should here keep in mind the limit of reliance (vide supra) attributable to such low theoretical difference of conformational energies! For both sultams and conformations, the NBO analyses show medium but undiscriminating influence of the S d* orbitals as N lp acceptor. In addition to the C(1')ÀH s*, the pseudo-equatorial conformer of 6 is mainly stabilized by the pseudo-axial SÀO(1) and C(2)ÀH s* orbitals. Interestingly, its pseudo-axial conformer is not stabilized by the SÀC s* orbital but rather by the pseudo-equatorial SÀO(2) and C(2)ÀH s* orbitals, the influence of the C(1')ÀH s* stabilization being slightly less pronounced. Although less efficiently hyperconjugated, the six-membered-ring, equatorial sultam 7 shows similar features, while the axial conformer is distinctly favored by the anti-periplanar SÀC and C(2)ÀC(1) s* orbitals 14 ) For intermolecular H-bonds directing the N tilting in the X-ray analyses of (À)-1a, (À)-2a, (À)-3a, see [16] . 15 ) Furthermore, in contrast to rigidified 4b, the entropic term for the additional interconversion of the sixmembered ring of monocyclic 5b should also be considered. For the five-membered-ring analogues of 5a and 5b, see [34] . 16 ) For X-ray structures of g-sultams possessing a pseudo-equatorial N-ethyl or N-cyclohexyl substituent, see [37] and [38] , resp. For structurally restricted sultams possessing a bridgehead N lp bissecting the OSO angle, see [39] . For N-aryl (2R)-bornane-10,2-sultams, see [40] . For non-NÀCO substitutions of this auxiliary, see [41] . For a bicyclo[2.2.2]octene homologue of 8, resulting from an endo-IMDA cycloaddition, see [42] . For five-and six-membered-ring benzosultams, see [43] . For potential intramolecular H-bonding of a five-membered-ring, free sultam, see [44] . For structure determination and intermolecular H-bond analyses of a sulfonamide, based on powder diffraction data associated with solid-state NMR, see [45] . 17 ) See Footnote 5 for King×s steric argument. Structures, conformations, and diastereoselectivities imparted by N-unsubstituted and N-substituted g-sultams derived from (3aR)-7,7-dimethyl-4,5,6,7-tetrahydro-3H-3a,6-methano-2,1-benzisothiazole-2,2-dioxide [47] shall be reported in due course with the corrective Xray-analysis of 1a.
in addition to a much more efficient geometrically well oriented C(1')ÀH anti-bonding s* orbital. Similar conclusions may be extracted from both structurally related axial Nbenzyl crystalline sultams 8 and 11 [20] . It is noteworthy that the axial conformer of 11, in contrast to 8, is thermodynamically more stable by 0.58 kcal/mol with respect to its 
equatorial conformer, due to the additional steric influence of the equatorial Me substituent at C(2). The second example deals with the sterically more-demanding and planar N-a-methylbenzyl sultams 9 and 10a [48] . When we tried to calculate both their axial and equatorial N sp 3 conformers, the resulting N hybridization was invariably automatically readjusted to sp 2 18 ). Their NBO analyses show remarkable differences with respect to the benzyl analogues 6 and 7.
The planar g-sultam 9 differs notably from its six-membered-ring analogue 10a by an efficient stabilization of the N lp by the C(2') 2p*, SÀO(2) s*, C(2)ÀH ax , and C(1')ÀC(2') s* orbitals. The d-sultam 10a is characterized by efficient SÀC and C(2)ÀC(1) s* acceptors, while the C(1')ÀC(2') s* and S d* orbital influences are not negligible.
Conclusions. ± By 1
H-NOESY and Raman-spectroscopic analyses, we experimentally demonstrated the presence, in solution, of the equatorial N-Me conformer of King×s sultam 4b, thus confirming our ab initio calculations of a rapid thermodynamic equilibrium. The intensities of the signals observed in these analyses (B vs. E in Fig. 1 , at 2865 vs. 2936 cm À1 in Fig. 3 , and at 501 vs. 531 cm À1 in Fig. 4) are consistent with the predominance of the axial conformer 4b in solution, in contrast to theoretical calculations performed at À 2738, suggesting a slightly more-stable ( 1.1 kcal/mol; Tables 1 and 2) equatorial conformer with a low barrier of N-pyramidal interconversion ( 3.2 kcal/mol). This dichotomy may result from at least three reasons: a) a minor environment effect resulting from the interactions with either solvent molecules in the liquid phase (CDCl 3 for NMR and IR, or MeCN for Raman analyses) or neighboring molecules in the crystal as compared to the gas phase equilibrium; b) the effect of the solvent on the intensity, completely neglected in our calculations; c) inaccuracy of our approximations, such as exchange-correlation functional, harmonic approximation for frequencies, double harmonic approximation for intensities, or incomplete basis sets. As a consequence of this equilibrium, the value of the N lp anomeric stabilization earlier estimated between 2.0 ± 2.5 kcal/mol [17] should be, as we suggested [16] , revised to 1.5 ± 1.6 kcal/mol. This value is close to that usually measured for anomeric stabilization of acetals or aminals [8] . With respect to the origin of this anomeric stabilization, we should distinguish between five-and six-membered-ring sultams. Indeed, independently from the N tilting, NBO comparative analyses indicate that the S d* orbitals do not appear as primordial and specific stereo-acceptors for the N lp. Second, based on the examples considered, the five-membered-ring sultams do not seem to be particularly well-stabilized by the SÀC s* orbital in the pseudo Nsubstituted axial conformation, as opposed to an idealized anti-periplanar situation of the N lp for the six-membered-ring analogues. In this latter case, the other antiperiplanar CÀC s* or C(1')ÀH/C(2') orbitals are as important, if not more, when compared to the SÀC s* participation. In the pseudo-equatorial conformation, g-sultams particularly well benefit from the N lp anti-periplanar SÀO(1) s* and C(2)ÀH/ C or C(1')ÀH/C s* delocalization. As a result, this more effective stabilization positively influences a pseudo-equatorial conformation, even in the absence of the sterically demanding geminal dimethyl moiety of the bornane skeleton (i.e., see 6 vs. 7). In the case of the N-alkyl six-membered-ring sultams, one of the decisive contributions, besides the slightly higher acceptance of the S d* orbitals, may be attributed to a very efficient anti-periplanar C(1')ÀH/C s* hyperconjugation, resulting from the staggered geometry of their N-axial conformers. This anti-periplanarity is altered in the equatorial conformation by the steric influence of the SO 2 moiety. In absence of such a potential stereoelectronic stabilization, like in the case of the sterically deviated Ni Pr analogue of 10a, or when the steric influence of the N-substituent exceeds 1.6 kcal/mol, the conformation of d-sultams tends to adopt an equatorial conformation either in solution or in the crystalline state, with stereoelectronic stabilization by the SÀO(1) and CÀH/C anti-periplanar s* orbitals 19 ). When both axial/equatorial conformations are sterically too exacting, the N-atom is prone to sp 2 hybridization. In that case also, the mode of stereoelectronic stabilization differs from g-to d-sultams. The latter undergo an increased influence of their S d* orbitals, while the former show a poor SÀC s* stabilization. These NBO calculations support our initial hypothesis with respect to the five-membered-ring sultams, while King×s hypothesis may be applied to six-memberedring analogues.
Having rationalized the hyperconjugative effect of the N lp on the conformations of the g-and d-sultams 1 ± 12, we shall now concentrate on demonstrating its stereoelectronic influence on the reactive centers of their N-alkenoyl derivatives. Although we have argued for this supplementary rationalization for several years [1], this concept has not been yet well accepted and recognized 20 ). This results from the fact that most of the diastereoselective reactions studied involve the CO a-atom [52] , which is directly under the steric influence of the chiral auxiliary [7] . We recently demonstrated that this influence is extremely tenuous on the more-distant reactive b-center, even in the case of a restricted conformation [53] or of a cumulative co-operative effect [54] . As a consequence, we shall now explore diastereoselective 1,4-additions to N-cinnamoyl derivatives of 1a, suitably modified in the para-position by an electronically influential substituent. The resulting diastereoselectivities vs. Hammett parameters shall be reported in due course.
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Helvetica Chimica Acta ± Vol. 87 (2004) 1762 19 ) Despite an excellent C ipso ÀC ortho p* stabilization of the N lp in the pseudo-axial conformation of Ph dsultam 5d, this latter adopts an equatorial conformation due to the steric demand of the Ph substituent (1.64 kcal/mol in the axial conformation; see Table 3 ). It is noteworthy that King et al. overestimated this steric effect by comparison with an a-unsubstituted Ph-cyclohexane (2.5 ± 3.0 kcal/mol). For a discussion of the gauche-interactions of the SO 2 moiety with the equatorial N-substituent in d-sultams, see [16] . For electronic vs. steric influences on the conformational equilibria of cyclohexyl esters, see [50] . 20 ) For exceptions, see, e.g., [51] . 
Experimental Part
General. See [55] . For NBO analyses [56] , the 4.0-version of the JAGUARD software (Ed. 2000; Schrˆdinger Inc., Portland, OR, USA) was used on a PC-compatible Pentium bi-processors computer. Orbitals (B3LYP/lacv3p** ) were calculated after minimization of the geometry (B3LYP/6-31G**). Raman spectra were obtained with a Holospec spectrometer equipped with a liq. N 2 -cooled CCD camera. The Ar ion laser (488 nm, power less than 100 mW) was focussed with a cylindrical lens on a glass capillary containing the sample. The unpolarized spectra were obtained in a backscattering geometry. For the measurements at 25 and 508, the capillary was placed in a brass holder, which was thermostated with a circulating water bath. For measurements below r.t., the sealed capillary tube with the soln. was fixed to the cold finger of a Dewar cooled with a dry ice/ acetone mixture. All spectra presented a very strong luminescence background, which was subtracted using a polynomial interpolation.
The harmonic fundamental frequencies, IR intensities, and Raman scattering activities of the axial and equatorial conformers have been obtained from density-functional-theory (DFT) calculations using B3LYP [57] exchange-correlation functional and 6-31 G** basis set ( Table 4 ). The basis set was chosen taking into account the fact that accurate calculations of Raman intensities by DFT methods are known to require large basis sets comprising polarized and diffused functions [58] . Gaussian 98 suite of programs was used [59] . Geometry was optimized using a tight convergence criterion for the first derivative (0.000050 Hartree/Bohr or Hartree/Radian). The absolute differential Raman scattering cross-sections were calculated from the Raman scattering activities, as described in [60] . To facilitate comparisons between the calculated spectra (represented as pairs of frequencies and the corresponding intensities) and the experimental ones, the theoretical ones were convolved with the Gaussian-type functions with a full-width half-maximum (FWHM) equal to 12 cm À1 (for IR and Raman). The spectra were normalized with respect to the heights of the well-separated experimental lines at 771 (for IR) and 712 cm À1 (for Raman) and the corresponding theoretical lines in the case of calculated spectra.
IR Analysis [cm
À1
] of Crystalline 4b at 258 9 ): 2982w, 2935m, 2928s, 2863m, 2842m, 1467m, 1458m, 1446m, 1413w, 1369w, 1352w, 1320s, 1308w, 1284s, 1256m, 1230w, 1202s, 1182w, 1148s, 1123s, 1088s, 1052m, 1040w, 998w, 982m, 955m, 938m, 904s, 889m, 845m, 828m, 765s, 713s.
IR 1450m, 1410w, 1371w, 1358w, 1336s, 1309w, 1288m, 1261s, 1223m, 1206m, 1185w, 1153s, 1127s, 1095s, 1049m , 1015s, 980w, 958w, 939w, 906s, 889w, 865w, 808s.
Raman Analysis [cm À1 ] of 4b in 10% MeCN Soln. at 258: 775m, 719s, 603m, 561w, 531s, 501m, 463m, 418m, 354w, 337w, 306w.
